The result of crossing two well-inbred lines of organisms for each of which there has been established by repeated test a characteristic relationship between some aspect of performance or behavior and a measured external condition governing the performance, is important in at least two respects. It should contribute to the demonstration of the degree of reality inhering in the formulation used to express the characteristic relationship in point, and thus by implication at least to provide interpretation for it; constants in equations must be accorded physical significance if they can be shown to exhibit unitary behavior in inheritance. Conversely, the genetic utilization of such constants should provide rational, serviceable units of inheritance,J a means of really defining a gene 1 (cf. Crozier and Pincus, 1929-30, a).
independent experimental tests of the rationality of the equations used and of the basis for the constants involved.
Curves are established which exhibit for young rats the dependence of the angle of orientation (0) during upward progression upon an inclined surface, upon the inclination @) of the surface. For each pure line of rats investigated this curve proves to be a characteristic property, quantitatively recoverable in successive generations. So also are the measures of variability of orientation; the tests are so arranged that these measures can be employed to demonstrate the sensible absence of errors of observation. When two lines are crossed, for which the respective 0-a curves intersect at an intermediate slope of surface (Crozier and Pincus, 1929-30, a) , the corresponding curve for the F1 individuals was shown to be in a general way intermediate; the investigation of backcross generations gave clews to the real basis for this. A searching test of the notions implicit in and arising from such findings should be provided by the outcome of crossing another pair of lines, for which the respective 0-a curves do not intersect, but are roughly parallel and markedly separated on the 0-a grid. We have already indicated that in this latter instance the result, in F1, cannot be foretold completely from the results of the earlier experiment, but that we have every reason to look for different types of outcome in the two cases.
In crossing lines K and A, in the first experiment, the characterization of FI individuals involved conspicuously the slopes of the 0-~ curve, which were superficially intermediate between those for the K and for the A rats. For races A and B differences in the slopes of the curves are not prominent, but their axis-intercepts are quite unlike. The data establishing the 0 vs. o~ relationship for races A and B are given in an earlier paper (Crozier and Pincus, 1931-32, a) . The fact that these two lines were originally segregated from the same loosely inbred stock should perhaps assist in the clarification of the experiment; the indications are very definite that commonality of origin determines persistent retention of at least some essential quantitative features of the geotropic response (cf. Crozier and Pincus, 1931-32, a, b) . The ideas ordinarily exploited in genetic practice are not specifically useful in attempting to forecast the precise manner in which the F~ individuals resulting from matings of A and B rats should behave, either intrinsically or in contrast to F1 individuals from the crossing of A and K strains. But it will readily be noticed that if from the raw data, analysis of the performance of the hybrid individuals and their descendants discloses the same fundamental units contributed by the A parents to the cross-bred individuals and their descendants, in the A X B experiment, as were recognizable in the test of A X K, then a very powerful proof is given that the fundamental units in question are "real," although recognized by a somewhat complex procedure,--precisely in the sense that the properties of NaC1 are independent of the previous histories of its two components. For in the event that the experiment is to this extent unequivocal and successful, it will amount to giving demonstration that constants in the descriptive equations can be recovered unchanged after submergence (as "recessives") in two quite different genetic complexes.
The results of crossing races A and B are given in this and following papers. We discuss first the behavior of F1 individuals, in some detail, and illustrate criteria for the classification of individuals. Details of observational technic are recorded in contributions already cited. A complication in the data for F1 is satisfactorily resolved by the behavior of individuals produced by mating F1 with rats of parent race B. This complication, however, is of such a nature that it becomes necessary to consider certain problems of "heterosis" and "hybrid vigor" from a new standpoint.
II
Five litters from matings of A and B rats were examined, a total of twenty-two individuals. The history of these matings is given in Table I . 2 We may first examine the mass properties of the several litters, before considering the effects of grouping together data from individuals produced in different litters of the same ancestry. The 2 In a paper continuing his analysis of the somewhat similar but by no means identical problem of facet-number vs. temperature in Drosophila, Hirsh (1930, p. 293) states that in our crosses of races K and A we failed to give data for reciprocal matings. This is not quite correct; in our paper (Crozier and Pincus, 1929-30, a, b ) data on offspring from reciprocal matings were not separated, since they showed no differences. latter procedure is desirable when arriving at the interpretation of the behavior of the rats in subsequent generations.
The observations are summarized in Table II . The parent rats (Crozier and Pincus, 1931-32, a) . In a very general way the concordance of the results from the four litters is satisfactory, although at a = 30 ° the divergences are perhaps not covered adequately by the standard deviations of the mean O's. One observation (Litter I, a = 25 °) is definitely "off," ~ being too high; it is noteworthy that P.E.0 is here correspondingly "too low"--a fact noticeable in a few other cases as well, and traceable to the intimate connection between the magnitude of mean ~ and its variation (Crozier and Pincus, 1931-32, a, c) . Before attempting to consider the observations more analytically it is desirable to see how their general properties compare with those for the corresponding curves of the parent stocks. It is apparent at once that with respect to (1) threshold for orientation, (2) maximum ~ attained, and (3) shape of curve, including position of its inflection, the F1 families are very similar, and are closely comparable with the B parents. So close is this comparison (Fig. 1 ) that one might be tempted to consider the state of affairs one of simple dominance. To this extent the expectation we had been led to form, that F1 individuals from the crossing of A with B should show a relation to the parent strains different from that discovered in the hybrids of A with K, is substantiated in a rather striking way.
III
The consistency of the records obtained from the several litters, with respect to the differences their 0-a curves exhibit when compared with those for the B line, however, are suggestive and inviting. It is easily noted that up to a = 30 ° the weight of the observations is definitely above the B curve; that an unusual degree of scatter is apparent at a ---30 °, with some suggestion of discontinuity in the curve; and that above a = 35 ° the latitude of variation along the log sin a axis is abruptly and consistently reduced to about one-third its value below that slope (cf. Crozier and Pincus, 1931-32, a) . The uppermost portion of the curve, with narrowed fluctuation, is slightly but continuously below the B curve.
Our previous experience with a good number of litters leads us to believe that these peculiarities are probably significant.
Litter III consisted of males exclusively, and its performance adheres most closely to that of the B parents,--in fact could not by itself really be distinguished therefrom by any reasonable test. Occasionally, a rather similarly divergent litter is encountered in a pure strain (of. Series B 'I, in: Crozier and Pincus, 1931-32, a) . To determine if sex-linked recessive genes introduced from one stock may appear to be involved in this matter we must carefully examine the behavior of the two sexes in the reciprocal crosses. One is encouraged to do so by the behavior of the indices of variability, although in our previous experiments with K and A lines no differences of this sort were detectable. The effect sought might be one involving in part the variation of 0 (cf. Fig. 1 ), which could complicate the picture very considerably. In this connection a distinction must be made between the "variability number" (V.N.) and the percentage of the total observable variation of 0 which is modifiable as a function of the intensity of excitation (cf. Crozier and Pincus, 1931-32, a) . In hybrids of K and A both measures of variability are low--a reduced proportion of the variation of 0 is controllable as a function of the intensity of gravitationally induced excitation, by comparison with the parent stocks. The point we have to examine is the possibility that mean 0 and its variation (ao) may be correlated with the sex of the individual, or with some other detectable feature of organization with respect to which our total F1 population may be heterogeneous. The present method of analysis, however, has the important advantage that we are able to examine the variability of performance of each individual separately, thus obtaining an independent index of any "heterosis" phenomenon which the measurements of behavior may reveal. The data for c~ o ~ and for ~ 9 are given individually in Tables  III and IV . The irregularity or discontinuity of the general curve (band) at a = 35 ° ( Fig. 1 ) is perfectly real, as is also the reduced horizontal extent of the band above ~ = 35 °. Mean 0 for all F1 c~ c~ is identical with mean 0 for all F1 99. The behavior of the rats produced in the reciprocal matings is not entirely uniform, however. Between the o ~ o ~ offspring of A o ~ × B 9 and B c~ X A 9 there are no systematic, ordered differences in mean 8; but ~ 9 from A o ~ X B 9 tend to give slightly lower mean O's throughout than do ~ 9 from Bo ~ ×Ag.
In theAo ~ ×B9 cross, c~o ~and 9~ are quiteindistinguishable ( Fig. 2) , whereas for the cross B c~ × A 9 there is perhaps (Figs. 3, 4) . The number of individuals is small, and the differences in 0 might be regarded as altogether too slight for significance but for the consistency of individuals. With B c~ X A 9 rats (Fig. 3 ) the mean 0-curve is almost indistinguishable from that for the B parents, up to ~ = 40°; above that slope the graph passes consistently below that for B, and, as with the A o ~ X B ~ rats, the horizontal latitude of variation is sharply diminished. The difference between the offspring in the reciprocal matings is summarized in the statement that below ~ = 35 °, the (increased) latitude of scatter of 0 is greater with the (.4 o ~ X B ~ ) rats. In the light of the consistencies of performance already demonstrated among pure-line individuals (and in the subsequent generation of the present experiment), the peculiarities of these data call for explanation. If concordant indications are obtainable from the indices of variability of 8, the case for the reality of these peculiar features can of course be strengthened.
IV
The indices of variation of 0 as a function of a (cf. Crozier and Pincus, 1931-32, a, b) are given in Table V . They show that the variability of orientation-angle is about the same for the two sexes in each cross, but that the dependence of a0 upon sin a is greater for B o ~ X A Q individuals, than for the progeny of the reciprocal mating . This difference is uniformly apparent when the figures for single individuals are used, as well as in the massed data. It cannot be traced directly to the arithmetic influence of the magnitudes of mean 8, because the graphs of AP.E.e/A sin a show quantitatively similar contrasts. The difference is clearly consistent with the behavior of the ~-a curves already discussed; and it is thus of interest for the view (Crozier and Pincus, 1931-32, c, etc. ) that 0~ and its variation are organically interconnected.
In Table V we have included indices of variation for lines A and B. For several reasons the instructive comparisons are with the figures for B, notably because the threshold ~ for A is 20 °, whereas it is 15 ° for B and for F1; this prevents direct comparisons of percentages of modifiable variation for A. It is clear that while AP.E.o/A sin ~ is about the same in the F1 groups as in B rats, the factor z~(P.E.0/0)/A log sin a is definitely lower, on the average, although not markedly so. The percentage of the total variation which is modifiable is significantly reduced, however, in both c~ o ~ and 99 of F1, whether from A c? X B 9 matings or from Bo ~ × A 9 • Both sexes have slightly higher relative modifiable variation of 0 in the case of the B o ~ X A 9 matings. The slightly higher modifiable variation for c~ c? as compared with 99, in the case of both matings, is scarcely significant. The general result must mean that there is present in the data for the FI population a decrease in the proportion of total variation of performance which is open to control by the condition eliciting the performance. But this does not necessarily signify merely that the total variation has been increased by hybridization. The areas under the variation plots, with ordinates corrected for size and constitution of sample, are distributed in such a way as to show that the total variation (P.E.0/0 vs. log sin a) is not significantly different in F~ from that apparent in B: for F1 the mean total variation is 1.6, that for B is 1.5, that for A, 1.3 units. With A the threshold is at a = 20°; if the B plots be cut off at this slope, the total variation is of course less (Crozier and Pincus, 1931-32, a) . This clearly demonstrates that it is the "uncontrollable" variation of ~ which is increased in F1.
From the standpoint of modifiable variation of 8, o ~ o ~ from the two crosses are identical, while 99 from A o ~ X B 9 exhibit a lower modifiable variation than do those from B o ~ X A 9 ; in the cross B o ~ X A 9 the two sexes are indistinguishable from this standpoint. We have already noted that ~9 from Ao ~ X B9 tend to give slighflylower mean ~'s throughout than do the 99 from Bc~ X A 9, whereas for A o ~ X B ~ the sexes are indistinguishable. It is difficult to avoid the conclusion that this parallelism in the behavior of ~m and of ~0 must be indicative of a very intimate connection between the two measures of performance. Nor can we refrain from pointing to the singular and encouraging fact that the slight differences between the young rats, according to sex and to the type of mating producing them, are identically revealed in the behavior of 0 and of Ce, so that knowledge of these differences could be obtained from the variation of performance alone.
It is important to note that the heterogeneity of the F, population, as revealed in the foregoing discussion, is also substantiated in another way. If indices of variability are computed on the basis of mean O's for a whole litter of F~ rats, lumping data for o ~ o ~ and 99, the variability numbers come out much too low (Figs. 9, 14) and the percentage modifiable variation is inordinately reduced.
Clearly, it is difficult to account for a difference between 99 progeny in reciprocal crosses on simple genetic grounds. Nor are we required, in fact, to do more at the moment than describe the properties of the individuals concerned in our particular experiment. Evidence is subsequently considered which leads to the opinion that the differences in the shape of the ~-a curve are of a purely developmental, rather than genetic, type, and that they are not necessarily connected with the phenomena of "heterosis" apparent in the magnitudes of the indices of variation by comparison with that for the B The measures of AP.E.0/A sin a are slightly higher for B individuals than for A, and in the F1 individuals the order of magnitude is pretty clearly that for the B type (cf. Table V) . This is also true for V.N. and for V.N.0. The percentage modifiable variation, however, is definitely below that for B, by an amount which is quite significant. It falls in with the magnitude obtained for A rats, but it is to be recalled that the latter have a higher threshold ~ ( ---20 °) for orientation than B or F1 (= 15°). The lowered proportionate modifiable variation is of course ill keeping with the increased latitude of scatter of 0 (below a --35°); it would be only slightly increased if, as is likely, the real threshold for the Fx rats is a little below a = 15 °. We have already pointed out that the total variation of performance is only slightly increased, in F~, and that the horizontal latitude of scatter in graphs of 0 vs. log sin a is a measure of the uncontrolled variation of orientation (Crozier and Pincus, 1931-32, a) . If these relations are to be interpreted as in any degree due to the action of independently assorting factors which secondarily affect the modifiable proportion of variation, then their presence must continue to be manifest in further generations of the rats derived from F~. We shall have occasion to see that this is indeed the case. The influences in question might or might not be associated with the general "lifting" of the lower portion of the O-a curve (Fig. 1 ), by comparison with that for B, and the "dropping" of its upper segment. Evidence considered later in this paper indicates that they must be regarded as unconnected.
V
Situations probably not unlike the present one are not infrequently attributed to "heterosis." The common experience that in FI the "variability" of the population is decreased must be subject to further analysis before it can be fruitfully interpreted. In the present instance it is clear that the indices of variation (V.N., etc.) are closely similar to those for one parent, and that the total variation of performance is certainly not decreased; the proportion of "controllable variation" is definitely decreased, but this is quite a different thing. The method of establishing properties of a genetically homogeneous population as a function of one or more independent variables should be productive in this respect. If the present case be taken as suggestive, it is clear that new sorts of complexity are revealed as possible in such phenomena. It is not adequate to refer merely to the absolute or relative magnitudes of dispersion of measured properties, since these quantities may be demonstrably functions of other variables; in general it is to be presumed that they are. Moreover, where (as we have earlier suggested: Crozier and Pincus, 1929-30, b ) a "multiple factor" effect is in question, the influence labelled "heterosis" for convenience in the present case may be expressed in contrary ways under different external conditions. At low slopes of surface the horizontal scatter of ~1 (Figs. 1, 2) is increased, at high slopes decreased, by comparison with the curves for the dominant parent. Yet--"contrary" to the uniformly encountered inverse relation between 0 and ~0 (within a genetically homogeneous group of individuals),--we find that ~1 is uniformly greater than for B, at slopes of surface <~ = 40 °, though less than for B above a = 40 °. If the lower portion of the curve represents "hybrid vigor,"--and it is legitimately compared with the sorts of phenomena so labelled--to what does its upper portion correspond? Clearly, some further analysis is called for. We believe that precisely similar considerations must ultimately be invoked in the treatment of other examples of "heterosis," notably in connection with growth. This must involve not only the discussion of equations relating to aspects of performance as measured functions of independent variables, but also the analytical dissection of the variation of performance. There are suggestive indications of this sort of thing in certain series of measurements of growth (cf. Castle, 1931; Green, 1931; Waters, 1931) , but the mere variability of weight in a population is not exactly the same sort of thing as that which we here consider; there has been a tendency to confuse variability of weight with variation in rate of growth.
The form of the 0-log sin a curve for the F1 rats (A)< B) resembles in several respects that produced by the attachment of a small mass posteriorly on the rat's back (Crozier and Pincus, 1929-30, b; 1931-32, b, d) . This leads to the suggestion that in the FI individuals there has been brought about some proportionate unbalance of development, such that it is as if a relatively inert mass were attached to the rat posteriorly. There are several ways in which this might be brought about if diverse developmental processes in the F1 individuals can be regarded as failing to "keep in step" with entire harmony. Such a general notion could be made to account for most of the qualitative phenomena attributed to hybrid vigor or heterosis. In the present case it suffices to appeal to a relative increase in the weight of the hind quarters of the animal, or, more reasonably, to a failure of the tension receptors there involved to keep up with the increase in the mass associated with them. The distortion of the O-a curve cannot be accounted for by any mere increase in total weight of individual, because the absolute weights of the individuals tested are no greater than with A or B parents; and because variations of weight of individuals in one pure line, within limits 14 to 25 gm., produce no such distortions,--nor do they bring about the observed alterations of the indices of variation. In ordinary development, as attested by a diversity of experiments, 0 for rats of a given race is independent of weight of individual, as is also the percentage of modifiable variation of ~ (cf. Crozier and Pincus, 1931-32, a ; and data in subsequent papers). This must mean that during growth increase of the total mass carries with it (within the limits of observation which here concern us) its proportionate equipment of the sensory elements involved in geotropic orientation. In the growth of F1 hybrids of A and B, however, these developmental processes may fail to keep pace. This effect is chiefly manifest, at age 13 days, in 99 from A o ~ × B 9, although the 99 involved weighed about 1.0 gm. less than their o" o z litter-mates. The distortion in question could be produced by a very small uncompensated mass, that is, a very small mass unprovided with its proportion of receptors and located posteriorly. From the known distortion produced by masses of 2 gm. and less so located, it can l~e estimated that an uncompensated toad of 0.5 gm. or less would be effective to the extent observed. In further generations produced by matings of F1 with the B parents, this small effect could easily be completely suppressed. If this supposed disharmony of development is due to hybridization, its effects should largely disappear when the backcross progeny of F~ X B are examined, provided the essential genetic features of the case have to do with the dominance of B race types of quantitative distributions of receptor thresholds.
VI
The proper test of these interpretations is given by the behavior of the backcross individuals obtained in matings of the FI rats with A and with B parents respectively. The test is actually a severe and critical one. Ideally we should find that 0-curves from progeny of F1 X B are practically indistinguishable from one another on the basis of sex, and indistinguishable from those of the B stock. The points of correspondence must include: threshold slope for significant response; magnitude of orientation-angle at threshold slope of surface; the shape of the curve; the index of variation (P.E. 0 vs. sin a); variability number; total variation; and percentage of total variation which is modifiable. The offspring of F1 X A, however, are expected to exhibit a diversity of 0-a curves, as a consequence of segregation of the genes brought together in the original cross. The F~ X B population should be homogeneous, the F1 X A population distinctly heterogeneous, as regards the relation of 0 to a; and these facts should also be revealed by the behavior of the variability numbers and other indices of scatter of 8. Neither backcross should show so prominently the peculiarities of the distorted 0-a curve seen in F~. Thus a rather intricate set of conditions is imposed, which must be satisfactorily met individually and as a group, if the analysis is to stand.
We consider here only the behavior of backcross individuals obtained by matings of F~ with B18 rats. The F~ X A cross is dealt with in a succeeding paper. We may be allowed to anticipate the outcome to the extent of stating that the F~ X A rats are a heterogeneous assemblage as concerns ~O/Aa, threshold for orientation, and other properties. The F1 X B individuals, which alone concern us here, provide however an inescapably convincing demonstration of their essential uniformity as a group, and of the absence in them of (Fig. 16 , Table VII ) is in fact indistinguishable from that for the B strain. This justifies our contention that the curious distortions of the curve for the F~ rats (Fig. 1) , aside from the disturbances of ¢0, are due to the prevalence of conditions peculiar to the individuals of that generation, being perhaps of a purely developmental order, and are in no proper sense of a genetic character. The data for rats examined in the cross (F1 X B) are summarized in Tables VI and VII , graphically in Figs. 15 and 16. In Fig. 16 it is apparent that the properties of the B race are completely reproduced as concerns threshold a, 0 at this slope of surface, AO/A log sin ee throughout, and in the absence of correlations with sex or weight.
The agreement of (F~ × B) with B, as regards mean O's, is remarkably close,--in fact (Table VII) it is closer than the P.E.'s might indicate as likely to happen; this is presumably due to the "internal averaging" brought into play in obtaining the mean figures, but is fully in accord with the consistency of performance in the various individuals concerned (Table VI) (It will be noticed that the terminal point, = --70 °, for Series II, falls a little below that called for by the curve. It will also be noticed tlmt the probable error for this mean--cf. Table VII--is too high; this signifies that in a certain small number of cases slipping or some other "error" entered into certain of the measured trails to a barely detectable extent.) 459 kind of agreement occurring "by accident" are vanishingly small, particularly if it is remembered that it is the relative departure of mean 0 which is significant. The variability indices for these individuals are: As with FI, the index AP.E.e/A sin a agrees with that for B; V.N. is a little low, but entirely within the range ob,tained for B litters; the total variation also agrees; the percentage modifiable variation is lower than with B, but definitely higher than with F1. All of this agrees With the expectations already formulated, including that according to which the effect of genetic influences affecting the proportion of relative variation of 0 controllable by sin a should be decreased by crossing to the B stock, if these influences operating to reduce the percentage modifiable variation are indeed genetic but due to factors not connected directly with the determination of the group of receptors. Moreover, the disappearance of the distortion of the 0-~ curve seen in F1 indicates that our "disharmony of developmental processes" has been effectively overcome in the backcross generation. It is noteworthy that variability of 0 is not increased in (F1 X B) as compared with F~; the uncontrollable moiety of the variation of 0 is decreased. If however the comparison were to be made with the lumped data for the F1 population, this state of affairs would be totally obscured. We believe that corresponding treatment should be possible for a number of instances of "heterosis."
VII

SUMMARY
Races of Rattus norvegicus labelled A and B give characteristic curves relating angle of orientation 0 during geotropic progression to the inclination (a) of the surface. The orientation-angles for B are higher at every slope, and the threshold slope for orientation is lower in B. When these races are cross-bred, the F1 progeny show a 0-~ curve in general corresponding to that for the B parent, as regards both threshold slope and magnitudes of 0.
Differences between the curve for F1 and B have to do (1) witha slight but significant distortion of the curve, such that from a = 15 ° to about ~ ---35 ° the mean curve is slightly above that for B, whereas above this slope of surface, 0 is consistently below that for B; and (2) below a = 35 ° the horizontal latitude of variation in the curve vs. log sin ~ is much greater than above a = 35 °. The first distortion is interpreted as due to the fact that, as a manifestation of heterosis, developmental processes which upon the one hand lead to growth in bulk in the posterior region of the body, and on the other which would lead to a proportionate development of tension receptors in the legs, fail to keep pace harmoniously. In ordinary development of individuals in a pure line, harmonious relationships between these two aspects of growth are maintained. The variation of response (0) is not altered in F1, if attention is paid to the total observed variation; but the unmodifiable or uncontrollable portion of the total variation of 8, not affected as a function of sin ~, is increased. This fact is more pronounced in female offspring from the matings A o ~ )< B •. This effect in F1 is interpreted as due to the introduction of modifying genetic influences, which affect variation of orientation. The percentage of modifiable variation is reduced from 74 per cent (mean) in B to about 59 per cent in F~.
These interpretations are checked by the behavior of offspring produced in the backcross F1 X B. The disharmony of developmental processes thought to be signalized by the distortion of the form of the 0-a curve disappears completely in these backcross individuals. It can be computed that an equivalent distortion of the 0-a curve for B would be produced by the posterior attachment of a mass of about 0.5 gin., unaccompanied by its proportion of receptors in the legs; in backcrossing to the B line, this should be reduced in the average to about "0.25 gm.," which is at about the threshold for any detectable effect of a mass added posteriorly.
The variability of 0 in (F1 X B) is not different from that for B, or for F1 (total variation) ; but, as must be expected if the unmodified
